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Modif ied Cho.Jesky Decompos t'ion

LANCUAGE

ISO Fortran

DESCRIPTION AND PURPOSE

Let Y(1), ... , Y(T) be a sample realization of a mixed autoregressive

moving average time series {Y(t), t = 0, + 1, ... } of order (p,q)(denoted

A:Ra( p, q) ). Thus

p q

S,(j)Y(t-j) = ' P(k)E(t-k) , t = 0, + 1,
j=o k=O

for uonstant; p,q , cx(O) = (O) II , ( ), .... , (p), (l), . 6.. , (q)

where i(.) is a white noise series of zero mean uncorrelated random variables

having variance o 2. The zeros of the complex polynomials g(z) = , P OCE(J)zJ

in d h ( z ) = , k
nk=O [ (k)z are assumed to be outside the unit circle.

Subroutine MXPD calculates exact, memory h, horizon t, minimum mean

square error linear predictors Y(t+hlt) and (optionally) prediction variances
2

'7t.h of Y(t4h) given Y(1, ..., Y(t) foi h = hl, ..., h2  and t = tl, ... , t2.

Th; Y(t+hlt) is that linear combination of Y(1), ... , Y(t) closest to

Y(t+h) in the mean square sense and o2  = E{Y(t+h) -Y(t+hlt)) 2 is the

attained minimum mean square prediction variance.

If q 0, Y is a pure autoregressive process of order p (AR(p)), while
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if p = 0 , Y is a pure moving average process ,, order q (MA(q)). Siu. routines

ARPD and MAPD calculate Y(t+hlt) and (optionaliy) o , for the AR(p) and

MA(q) cases respectively. Separate subroutines; are ijsed for these cases

due to Sligntficant sImp] IfIcatlonq in thei r nIgor it hv, from the general

ARMA(p,q) case.

NUMERICAL METHOD

The method Is hn;und on nulmeroi,, ;pvrtI p- , s of tle mod if 1( d

Cholesky decomposition (MCD, see Wilkinson (1967'j) *.- the eutocovari.a ce

matrix of an ARMA(p,q) process. (See Newton :.nd Pa;'.mo (1930) for details).

Let [A]i j denote the (i,j)th element of , .!rai, A d deinilie

AK - TOEPL{a(O), ... , a(K-1)} to be the (KK) c;yrniecr -c foeplicz matrix

having [AK]ij = a(ji-jj) . Let AK L DKLK , K )i he MCD of the

symmetric positive definite nested matrices All A2  . [A 1 1 .1 i.

[AKI.j , for i,j < K , is a unit lower tai;. . . MLr.., c

D is a diagonal matrix. Then the sequenc'es o; rr ,. TK ,  ,
K K K,

-1
and DK are also nested and we write (for example) ,-ae (i,j)tr) element

of any LK for K > max (i,j) as [I]ij

Thus [D]II = [A] 11

j-i[L1  A]._ [LI.eIIeefL] ,

i-i

-Di [A]. )I [•Iit K

We define the following quantities for K _

a) T' TOEtI, ( R (0) . R_ (K-I) I W lt whre,K z ',ZKiK X,K

R7 (v) EIZ(t)Z(t+v)l v 0, 1- I, ,nd Z(.) ;III AR(p)
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process having coefficients (%(1), , a(p) and white noise

variance o 2  I

b) XK = (X(]), X(K))T 11 YK' where
Z,K

YT = (Y(1), .... Y(K))

-K

c) = E{X T I L D 1T Note that = , LzT
X,K EKOK X,K X,KX , K X,K Z,K YK ZK

d) eK = (e(1), e(K)) = L- I
K '' X,K X_K"

Then

p
Y(t+hlt) = X(t+hlt) - Y %(j)Y(t+h-jlt)

j=i

2 h-i [
th [L t+ht+h-k [D I t+h-k,ot~ = ,- XLz ~h-kt+h-k

k=O

[l [Lt+h 2
D x t+h-k,t+h-k I--t+h-k

where Y(t+h-jIt) = Y(t+h-j) if j > h, and

X(t+hlt) Y t[ h tIh-e(t+h-k) ,h = 1, .. ,q

Thus to obtain Y(t+hlt) and th for h h ... , h and

we need Lzt+ L ,and D Significant reductions
Zt+h Zt2+h2 X,t2+h

2  X,t 2 +h 2

in computing time and storage requirements in obtaining the elements of

these matrices are afforded by noting:

NOTE I Computing Lz2-h 2

The jth row of L- I  Is given by"Z,K

r u
K-1~j=

(,Jl(-1) . ... a l(1), 1, OT_) 2 < J < p 1
(01 -K-j )

-pr-1 UO) )(1T), p+l < j < K

II_ _ _ _ _U__ _ _ _
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where a k(t) = a(e) if k > p and

(t _-(1) - (I (1i+l)I (1+l-1) (2)
.) 2 J < pI- I~ +1 (1 +I)

Thus thore are only p(p4+t)/2 distinct nonzcro,nonoe elements in 1
Z,K'

K _> p + 1 and X(1) = Y(1) while

oj1

X(j) = Y(j) + C j- 1 (t)Y(j-t) , j = 2, ... , p (3)

Y(J) + a()Y(J-C) , j > p

NOTE 2 Computing Lz,t +h

'22

Let Y(O) = I, y(I), Y(2), ... be the coefficients of the MA()

representation of Z(.) , i.e.

j-1

-(j) =j- >, J 1 (4)
£l'rax(0, j-p)

Then

[Lz] p+j ,p+j- = Y(t) ,0 < J < K-p (5)

P

-z p) ,rk = -1 ..... p-I, j > 1 (6)

r=l p+j-r,t

1,p = (L- I ) I ) P, -I- -L rk<j<p
~Zp Z,p Z rzrjk

(7)

lir [L = 0 (8)
Z---K J=l

2KK

K 2 2()
l. ir > 1 1 R (0)/0 (9)K zo K= 1 " z



R 20/( 2 (10)ym.¥(k) = Rz(O)/c (0

k=Oz

R Z()= 0 2/ = (1-a2()) (11)

j=l

By (5) and (6) the distinct elements of z,t2 +h2 are contained in its

first p columns, the last of which is (oT1, 1, y(l), ..., Y(t2+h2-p-j))

Thus MXPD finds the elements of Lz,t2+h 2 by:

i) finding [. = (Lz)- I I ii) calculating Y(l), ..., Y(M1-p)ZIP ZP '

(by (4)) where M1-p is the smallest integer such that

MI1-Py- y2(j) - Rz(O)Yo2 < 6, (12)

j=0

iii) use (6) to obtain remaining elemeats of rows p+l, ..., M1 of

first p-i columns of L zt2+h2 ' Note that (10) says that such an M1

exists (which hopefully is much less than t 2+h 2) while (8) and (9) say

that all further elements of the first p columns of Lz,t2+h 2 are arbitrarily

close to zero. Thus there are Mlp elements to calculate and store for

t 2+h
2

NOTE 3 Computing Lx,t2+h 2 , Dx,t2+h 2

To compute LX,t2+h 2 and DX, 2+h2 we note that (defining n0 (0) - 1)

- I i
[rx]1 j aj 1(i-m) Y ai-1 (i-L)Ry(e-m), i,j>l

mmax(1,j-P) 1=max(l,i-p)

Py I i-j ) 1 i,j ), p , ji-JI < q (13)

0 1 < j < p, i > p, and

i - J > q or if

1,j > p and ji-jj , q



2 q-v
Rx (v) = R k 8(k)8(k+v) , v = 0, .... q (14)

k=O

Thus the distinct elements of I'Xt2+h 2 are RX (0) ..., Rx(q) and the

elements in the first p + q rows and p columns. Further only RY(0), ... ,

Ry (p+q) are required to obtain F These elements are obtained via
X,t t2-h 2

subroutine MXCV by solving first for v = 0, ... , max(p,q)

I a(J)Ry1 (v-j) = (k)RY,(v-k) = 0 ,v > q (15)
J=O .k=v

where R (v) - E{Y(t)c(t+v)} = 6v 
O2 if v > 0, where 6 is the Kronecker delta,

and

2 min(v,p)

R,(-v) = 8(v)a -c(j)R(-v+j) , v = 1 .... q (16)
j=l

Then RY(max(p,q)+l), ..., Ry(p+q) are obtained by (15) for v = max(p,q)+l,

p+q

To obtain Lx,t2+h 2 and Dx,t2+h 2 we note that the pattern of zeros in
2I

L X +his the same as that in the lower triangle of FX,t+h and that the

required elements of Fx,p+q can be calculated as needed (by (13)) without

storing them.

Thus Lx,p+q is calculated and stored in one matrix. To obtain the q

nonzero nonone, elements of the rows of the rest of Lx,t2+h 2 we have:

urn [I XI, _ = $(J) , j = 1, .. ... q
'xm [,XK,K-.i BK----

2
tim [1) x]K ,K 0

K--'--*-

Thus rows p + q + 1, ... are calculated and stored in a matrix having q

columns until the elements of LX, DX have converged (at row M2 say) , i.e.

ID [ I M 2,J - B(q-.j+l)l - 6, J[ IxIM 29,M2  -,2 1  < 'S, J = M 2- q , . ... 9 M2- 1 (17)

-i I DI IIN jI I, '

•2'



Fit rtlI r, e( I) X(I) wh Ie v

i-i
e(j) = X(j) - )' [I,x e M-) , j = 2, .... p+q

ee 1

.i-1

X(j) - . [Lx]j, e - p + q + M
t=j-q 

(18)

q
X(j) - ()e (j-f-) ,j > M2

C=l1
2

Also, if the o 2 are not to be calculated then L need not be
t,h Z

calculated.

NOTE 4 Convergence of Lz LX

One further simplification is given by

lim [LZLXIK,K-j = B(i) j > 1

where the 6_(') are the coefficients of the MA(o°) representation of the

ARMA(p,q) process Y. Thus for any t > max(MiM 2 ) we have

hi -1
U2 U2 2 (k

th k=O

while if t + h > M1 or t + h > M2 , the "converged" values are used for

elements of the (t+h)th rows of LZ, LX in the expressions for Y(t+hlt)

and 12
t,h"

NOTE 5 From these observations we have Basic Structure of MXPD

i) Check input parameters.

ii) Find Ry(O), ... , Ry(p+q) by (15) and (16) via subroutine MXCV

(stored in the constant RYO and (p+q)-vector RY).

iiiFlnd L-  and R (0) by (1), (2), and (11) (stored in (pxp)
Z,p a c Z

matrix ALZ[ and constant RZ0).



iv) Find M and [L, I , iM ,1 j P by (7), (6),
I ~Z, m +P ij M1 I pb

and (12) (stored in the integer MONE and (Mlxp) matrix ALZ).

v) Find R (0), ..., RX(q) by (14) via subroutine MACV (stored in

constant RXO and q-vector RX).

vi) Find L and I) (stored in the (p+q)x(p+q) matrix ALXI
X,p+q Xp+q

and in the first (p+q) elements of the M2-vector DX).

vii) Find M2 and [I-Xlij , [Dxlij , i = p+q+l, ... , M2'

j = i-q, ... , i-I (stored in the integer MTWO and the (M2 xq)

matrix ALX2 and the rest of the (M 2)-vector DX).

viii) Find X , e by (3) and (18) (stored in the t2-vectoisX and E).t2  t 2 2

ix) Find Y(t+hlt) , for h = h, ..., h2 I t = tI  --- I, t2 (stored

in the (t2-t1+l)(h 2-h1+1)-vectors YPD where Y(t+hlt) = YPD((t-t1 )

(h -h kl)+(h-h+lM.
2 11

x) Find (optionally) (2 which is stored like YPD in a (t2-tl+l)

(h2-hI+l)-vector PVAR

NOTE 6 Taking advantage of convergence

To take advantage of the convergence in LZ, I1V and DX the user

specifies an absolute convergence criterion 6 and integers IROWS1,

IROWS2 as the row DIMENSION of arrays NLZ and ALX2, DX respectively.

Thus IROWSI and IROWS2 must be chosen to exceed what can reasonably be

expected to be M and M respectively or else a nonconvergence failure
1 2

indicator will be returned in I"AU1.T. Of co.rse if IKOWS1 or IROWS2 are

given the value t2+h2 then convergence need not be reached for the algorithm

to finis properly. Setting IROWSI or IROWS2 smaller than t2 +h2 allows the

possibility of obtaining predictors for long time series with a minimum

amount of required storage.

|'
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Further, if the 0 2 are not to be calculated, the matrix ALZ is not

needed and IROWSL can be set equal to 1.

NOTE 7 Algorithm for ARPD

For q = 0 we have FZK = rYK , FX,K DZK =; LXK = K DX,K

= ZK Thus

P

Y(t+hlt) - a(j)Y(t+h-jjt)

j=l

02 h-I [ 2 [1)
~t,h k= [Z t+h,t+h-k Z t4h-k,t+h-k

h-i

2 2
-o X yk) if t > p.

k=O

NOTE 8 Algorithm for MAPD

For p = 0 we have rZK = IK = LZK = DZK = IK and XK K

TOEPL(Rx(O), ... , Rx(q), 0, ... , 0) , (so that calculation of ALXI is

avoided), , e Y Thus
~X,K -K YK

Y(t+hlt) = I X [ t+h,t+h k e(t+h-k) , t+h < M 2
k=h

h B (k)e(t+h-k) , t+h > M
k-h

0 ,h> q
2 h-i 2

t,h h I [Lxi2 [D ]  t < M2k=O Xt+h,t+hk t+h-k,t+h-k t

2 h1 82 (k) ,t > M

k=O 
2

Le

- -~9-----



-1 0-

STRUCTU RE

SUBROUTINE MXPD (NP, NQ, ALPIIA, BETA, SIGSQ, Y, 10PIT, NTI, NT2, NHi-, N112, NYPD,
NPVAR, NPPNH2, IROWSl, IROWS2, IROWS3, DEL, RYE1, RYE0, RY, RYO, IP, YWK, RZO,
RX, RXO, AIZI, ALZ, AEXi, ALX2, DX, MONE, MTWO, X, E, YPD, PVAR, IFAULT).

Fn'rma parameters

NP Integer input: order of AR part of model
NQ Integer input: order of MA part of model
ALPHA Real Array (NP) input: coefficients of AR part of model
BET,'A Real Array (NQ) input: coefficients of MA part of model
SIGSQ Real input: variance of white noise in model I

Y Real Array (NT2) input: data vector
loPT Integer input: option switch equal to:

1 if both predictors and variances
to be calculated

0 if only predictors desired
NTI Integer input: t I(first memory)

NT2 Integer input: t 2 (last memory)

NIH Integer input: 11b (first horizon)

N112 Integer Input: b1 (last horizon)

NYPD Integer. input: (NT2-N'rl+1)(NH2-NHl+l)
NPVAR Integer Input: same as NYPD if TOPT = 1, >1 if IOPT-O.
NPPNH2 Integer input: NP + N112
IROWSl Integer input: row dimension of ALZ in calling pro-

gram (,NP+2 if IOPT =1, >1 if IOPT=O)
see note 6 above

IROWS2 Integer input: row dimension of ALX2, DX in calling
program (,>NP+NQ41) See note 6 above.

TROWS3 Integer input: row dimension of RY, IP, ALZI, AMX
in calling program (>NP+NQ)

DEL Real input: absolute convergence criterion (see
(12) and (17)).

RE Real Array (NQ) output: RY (-I) , ... , PR. c(-q)

!1YF0 Real output: RY,(0)

RY Real Array (NP+NQ) output: R~ (1), ... ,R.Y(p+q)

RY 0 Real out put : RY(O)

1,Integer Array ( IROWS3) work:
YK Real Array (NPPNI12) work:

I70( Real out put V (o)

i Re-al Array (NQ~) Out put: R(1), . Xq

P0 Real out put: R (0)
X

%I.Z I RealI Ar ra y IRO)W,3,1ROJWS 3) outPutt: -l

AI.Z Real Array (IROWSI, NP) output: If [OPT 1, ALZ contains [1, Z 1

f' 101'T =0, ALl Is not used.
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AIXI Real Array ( IRflWs1,iR()WS3) out put : ,
X, pf-q

AI.X2 Real Array (IROWS2,NQ) output: l, , I = p+q+l, M2

J l-q, .. , i-1.

Ix Real Array (IROWS2) output: 1) , 1 1, ... , M2

MINIK Integer output M (!e note 6 above)

IIWO Int .ger output-: M2 (see note 6 above)

X Real Array (NT2) output: X(I) .... , X(t 2 )

I Real Array (NT2) output: e(l), .... e(t 2 )

YPD Real Array (NYPD) output: ((Y(t+hlt), h = h i t .... h 2 )

t = tI , ... , t 2 )

PVAR Real Array (NPVAR) output: if IOPT = 1, (02,h h h I

h2) t = t1, .... t2)

if TOPT = 0, PVAR not used.
IFAULT Integer output: failure indicator

Value of IFAULT Meaning

0 no failure
1 NP<I, NQl, or IOPT not 0 or 1
2 NTINP+NQ or NTl>NT2
3 NHl<l or NtIPNH2
4 NYPD<(NT2-NTl+I)(N2-NHl+l) or NPVAR<l

or IOPT = 1 and NPVAR<(NT2-NTI+1)
(NIP2-Nil +1)

5 IROWS1-NP+2 and TOPT = 1 or lROWSl<l
or NPPNI12- NP+NII2

6 1 RIWS2-NP4NO+I
7 IROWS3'NP+NO
8 SI(; 0
9 Singular matrix in ;ubroutine MXCV

10 An i (j) 1 (see(2))

11 IOPT = 1, IROWSlN'I'2+NHi2-NP, and

convergence not reached.
12 Nonposlr ive [1)X ti encountered

13 lROWS2' N'2+NH2-NP-NQ and convergence
not reached.

sMrIROIITINE ARPD (Nil, ALPHA, SIGSQ, Y, IOPT, NTI, NT2, NHI, NH2, NYPD, NPPNH2,
YWK, GAM, YPD, PVAR, IFAULT).

Nil Integer input: order of AR model
ALPHA Real Array (NP) input: coefficients of AR model
S I(;SQ Real Input : variance of white noise
Y Real Array (NT2) Input: data vector

'-
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]OPT Integer Input: option switch equal to

1 if both predictors and variances

to be calculated
0 If only predictors desired

NT1 Integer input: t (first memory)

NT2 Integer input: t2 (last memory)

Nill Integer input: hI (first horizon)

N1I2 Integer input: h (last horizon)2

NYPD Integer input: (NT2-NTI+I)(NH2-NHI+I)

NPPNH2 Integer input: NP + N12
YWK Real Array (NPPNII2) workspace:

GAM Real Array (NPPNH2) output: ¥(l), ... , Y(NP+N112)

YPD Real Array (NYPD) output: ((Y(t+hft), h = hi s .... h,2

t =  tI , ... 2 )

2
PVAR Real Array (NH2) output: if IOPT = 1, atho h = 1, ... , h

if IOPT = 0, PVAR not used.

IFAULT Integer output: failure indicator

fqi lure Indications

Value of IFAULT Meaning

0 no failure

I NP < 1

2 NTl < NP or NTl > NT2

3 Nih < 1 or NHI > NH2
4 SIGSQ - 0
5 IOPT not 0 or I or NYPD < (NT2-NTl+l)

(NH2-NHI+I) or NPPNH2 < NP+NH2

SUBROUTINE MAPD (NQ, BETA, SIGSQ, Y, lOPT, NTI, NT2, NHI, NH2, NYPD, NPVAR,

IROWS, DEL, RX, RXO, DX, ALX, MTWO, E, YPD, PVAR, IFAULT)

T-o rmal parameters

NQ Integer input: order of MA model

BETA Real Array (NQ) input: coefficients of MA model

SIGSQ Real input: variance of white noise

Y Real Array (NT2) input: data vector

[OPT Integer input: option switch equal to:
1 If both predictors and variances

to be calculated
0 If oiily predictors desired

NTI Integer Input: t 1 (first memory)

NT2 Int-ger input: t2 (last memory)

NItl Integer input: h (first hoi zon)

Ntl2 Integer input: h2 (last horizon)
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NY I'D Integer i4l~it : (T.y-Ni 41 (NII2-NIII+1)
NI'VAR Integer input: 5une as NYPDI) if IOPT = 1,

. I If IOPT = 0. 1
I RuW Integer Input: row dimension of AI.X and DX In

,.111frig program (see notes 6 and

DI,. . Real inpt ah-olute convergence criterion
RX Real Array (NQ) output P,(1). , R (q)x
RXO Real o,,t put : , ()

DX Real Array (IROWS) Outpit: l) i I = 1, .. , M2

AIX Real Array ([ROW;,NQ) output: 1I. I , = 1., , M2

1 - t -q , . . -

MTWO Integer out put: ,M,(ee notes 6 and 8 above)

F Real Array (NT2) output: e(l), ... , e(t 2

YPD Real Array (NYPD) output: ((Y(t+hlt), h = h1, ... , h2

t = t1 ,  ... , t 2 )

PVAR Real Array (NPVAR) output: if IOPT = 1, ((0 ,h), h =
thh'

112), t t , .... t2 )  if IOPT =0,

PVAR not used

IFAULT Integer output: failure indicator

u ti Zure Indicationr

Value of IFAULT Meaning

0 no failure
I NQ I or IOPT not 0 or 1
2 NTI - NQ+1 or NTI NT2
3 NI11 1 or NHI > NH2

4 NYPD < (NT2-NTI+I)(NH2-NHI+I)
or NPVAR < 1 or TOPT = 1

and NPVAR < (NT2-NTl+)(NH2-NHI+1)

5 IROWS < 2
6 STGSQ < 0
7 nonpositive [1)x]ii encountered

8 IROWS < NT2+NH2 and convergence not reached

A.' r L iar'¢ :/ L,,or, tigu.t ,

SUIBROUTINE MACV (NQ, BEITA, SIGSQ, RX, RXO, IFAUr)

,;' 'r'rnU, f] Izl ?toP",

Nh Iteger Input: order of MA model
I'rA Re;iI Array (NQ) input : coeffIcients of MA model
SI(;SQ Real input: variance of white noise

F,-
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RX Real Array (NQ) otput: RX(1), ... , Rx(NQ)

RXO Real output: RX(O)

IFAULT Integer output: failure indicator equal to:

0 if no failure

1 if NQ < I

SUBROUTINE MXCV (NP, NQ, M, IROWS, ALPHA, BETA, SIGSQ, RYE, RYEO, WKM,
IP, RY, RYO, IFAULT)

Formal parameters

NP Integer input: order of AR part of model
NQ Integer input: order of MA part of model
M Integer input: highest lag to calculate

(M > max (NP,NQ))
IROWS Integer input: row dimension of WKM, IP

in calling program

(IROWS > max (NP,NQ))
ALPHA Real Array (NP) input: coefficients of AR part of model
BETA Real Array (NQ) input: coefficients of MA part of model
SIGSQ Real input: variance of white noise
RYE Real Afray (NQ) output: Ryc(-l), ..., Ry,(-NQ)

RYEO Real output: Ry'(O)

WKM Real Array (IROWS,IROWS) workspace:

IP Integer Array (IROWS) workspace:
RY Real Array (M) output: Ry(l), ..., RY(M)

RYO Real output: Ry(O)

[FAULT Integer output: failure indicator

Failure Indications

Value of IFAULT Meaning

0 no failure
1 NP 1 or NQ < 1
2 M ' max (NP,NQ)
3 IROWS < max (NP,NQ)
4 singular matrix encountered

The subroutines DECOP and SOLV as described by Moler (1972) are called
by subroutine MXCV.
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RI.STI I ( I ONS, T I ME, STIRAG;

if the zeros of g(z) are not outside the unit circle, then one of

Lhe ot.(I) will be greater than or equal to one In magnitude thus giving

IFAULT = 10 in MXPD. If the zeros of h(z) are not outside the unit circle

then an element of DX will become nonpositive thus giving IFAULT = 12 in

MXPD or IFAUI.T = 7 in MAPD.

The bulk of storage and computing time in MXPD is devoted to the

M -p matrix LZ and the M2 ) q matrix I.X . The values M and M2 increase

as the smallest zeros of g(z) and h(z) approach the unit circle.

REFERENCES

Moler, C.B. (1972). Algorithm 423. Linear equation solver. Comm. Ass.

Cop. Lac, 274.

Newton, H.J. and Pagano, M. (1980). The finite memory prediction of

covariance stationary time series. Submitted for publication.

Wilkinson, J.H. (1967). The solution of ill-conditioned linear equations",

in Mtathematical Methods for Digital qomptrs 1 1, A. Ralston and H.S.

Will, eds, 65-93.
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SUBROUTINE MXPD(NP.NQ.ALPHA.OETA.SIGSQ.Y.IOPT.NtI.NT2.NHI.NH2.
INYPD*NPV AR *NPPONH2, I IRGWSI I ROWS2. I ROWS 3. DEL* RYE. RYE O.RY. RVO.Ipo
IYWK.RZ0.RXRX0,ALZf.ALZ.ALXI.ALX2.DX.MONE.MTWO.X.E*YPD.PVARq

11FAULT I

C
C THIS SUB3ROUTINE CALCULATES PREDICTORS YPO AND IOPTIONALLY)

C PREDICTION VARIANCES PVAR FOR HORIZONS NHIo**e*NH2 EACH FOR

C MEMORIFS NTI9 ....vNT2*
C

DIMENSION ALPHA(NP).IJE1A(NQI.Y(NT2),RYE(NOI .Rv(IROUS3).
IIPI IROWS3) *ALZI( IROWS3, RU WS3I, ALZ( (ROW SI.NP ),Y hK(NPPNH2)o
IALXI(IRUWS3.1R0WS3).ALX2(IROWS2.NQIDE(IROWS2).x(NT2),RX(NI.

I L (NT2 I. YPr)( NYPD).*P VAR(INPVAN )
OATA ZERO*ONE9EPSd'0e09I*O.IeE-I0/

C
C CHECK INPUT PARAMETERS

C
I FA UL T=1
fF(NP.Lr.I.OR.NO.LT.I.OR.IOPT.LT.0OR.EOPT.GT.II GO TO 999

lf AULT=2
IF(NTI.LE.NPNO.OR.NT29LT*NTI) GO TO 999

IF-AkULT =.l

JFENHIoLT.I.OR*NH2.LTeNHI) GO rO 999

F~AUL T=
NlCK =(NT '-NT 1.1)*NH?-NHI+I#
IFINVPO.LT.NCKI GO TO 999
IF(NPVAR.LT.I) GO TO 999

IF(NPVAR*LT.NCK.ANDoIOPT.E~oi GO TO 999
IFAULT=5
IF(NPPNH2.LT.NPI-NH21 GO TO 999

IF(IROWSI.LT.NP42.AND.IOPT.EO*l) GO TO 999
IF(!ROWSI.LT*I) GO TO 999
IFAULT=6
IeAlROWS2.LT.NP.NO4I) GO TO 999

IF(IROWS3*LT*NP+NO) GO TO 999

IF(SIGSO.LE.ZEROI GO TO 999

c FIND RYD.RY(I~.9,RY(NP+NO)
C

NPP NO NP +NQ

CALL 'XCVINPNO.NPPNQ. IRGWS3.ALPHA.BETA.SIGS0,RYE.RYEOv
iALXI*IPtRY*RYOoIFI I
IFAULT =9
IFPIII.E0.) GO TO 999

c FINt) ALlI.RZO (AIZI INITIALIZED* ALPHA(Joll FORMED IN ALXI(J.I)9
C J.I*LE.NP* RZO FORMED. ALZI FORM4ED FROM ELEMENTS IN ALXI)
C

If-AULT=10

fPU 20 1,1NPPNO
DO 10 J=I*NPPNO

10 ALZI(I9J)=ZERO
20 ALZIfI.I)=ONE

00 30 ImI9NP

30 ALXI(NP.IIALPHA(li
c

fF(NP*FO.II GO TO 50

NPMI=NP-S
no 40 J=1.NPRI



JJP 1=JJi+
PAR TAL XI JJPt JPtII
Ir(PART.GE.UNE) GO TO 999

DEN ZONF-PART OPART
n~o 40 1 I 0 jj
JJP I I=J'31 -I

40 ALXI(JJII=(ALXI(JJPI.I)-PARTeALX14JJPI.JJPiMIII/DEN

50 RZO=SIGSO
DO 60 J=1.NP

60 RZO=RZO/(ONE-ALXI(JJ)*ALXI (J*I
C

IF(NPo.eO.) GO TO 80
DO 70 J=29NP
JP4 1=J- I

DO 70 I=I*JMi
JJ=JP43-j+3

Y0 ALZI(J.II=ALXlfJ41 JJ)
80 CONTINUE

NPP I=NP4 I
DO 90 I=NPPt*NPPNO

IFST=I-NPPI
D0 90 J=l.NP

JJ= IFST+J
J INP-J 41

90 ALZIII.JJ)=ALPHA(il)

C liF(OPT.EQ.1I. IrIND PONE AND ALZ (INVERT ALZI. FIND ELEMENTS
C OF NP TN CULUMN OF ALZ UNTIL CONVERGENCE@
C THIEN FILL IN REST OF ALZ)
C

IF(IOPToEQO GO TO 230
DO 110 [=1.NP
DO 100 J1i.NP

100 ALZ(I*J)=ZERO
110 ALZ(I.II=ONE

IF(NP.EO1I) GO TO 140
DO 130 Jz2.NP

JM1=J-1
DO 130 K1.*JM1

C=ZFRO
JMK=J-K

JMKPI=JMK41
DO 120 [R=JMKP1.J

120 C=C-ALZ( J.IP)*ALZI(IR*JMK)
130 AL7IJoJt4KD=C
140 CONTINUE

C
CK=RZ0/SIGSO
NpP NP0.1
ALZINPPI*NP)=-ALPHAIt I
SUMS0-ONE +ALPHA( I I *ALPHA( I I
MUP=MINO( IROWSI-NP*NT2ENH2-NP)

00 160 J=2.MUP
t.LOW=MAXO( 0 9 J-NP) 41

LUP=J
AL0= ZE HO
CC=ONF

00 150 LL=LLOW*LUP

L=LL- 1



JML =J-L
L I =NP#L
IF(L.Gt.O) CC=ALI(LI.NP)

I50 ALD=ALr)-ALPHA(JMLI*CC

NPPJZNP*J

ALE(NPPJ.NPI=ALD
SUM SO=SUM4SO*AL D*ALO
IF(AHS(SU'4S0-CK).LT.D:L) GO TO 180

160 CONTINUE
IF(MuP*LT*Nr2.NH2-NPI GO TO 170
MUNE=NT2N42

GO TO 190

170 CON TI NUE
IF AUL T =I I
MONE=IROWSI

GO TO 999

180 MONF=JGNP

190 CONTINUE

C
IF(NP.EO.1) GO TO 220
NPM 1=NP- I

MI MNP=MONE -NP
DO 210 J=I.MIMNP
NPP JNP+ J

DO 210 L=1.NPMI

C=ZERO

DO 200 IR=1.NP
NPPJMR=NPPJ- ER

200 C=C-ALPHA(IR)*ALZ(NPPJMRoL)

210 ALZ(NPflJ*L)=C

220 CONTINUE

C FIND RXO*RX(I,....RX(NOI

CALL MACV(NQ*BETAsSEGSQ.RX*RXO*IFI)

C

C FIND ALEI.DX(1)9...DXfNPNOI (NOTE THAT ALPHAEI*Jl FOR

C l.LE.J.LE.I.LT*NP IS EN ALZI(I1.E9-J#II)

C

230 CONTINUE

00) 250 I=1.NPPNQ
no) 240 J=I#NPPNO

240 ALXI(I*J)=ZERO
250 ALXI1.13-ONE

IFAILTIt2

O)XI I I =RYO
On 340 t=2.NPPN0

00 290 JmIsImI

Cs ZERO
00 260 L=I.I
00 260 M1.sJ
ILMM=I ABSL-M)
IF(ILMP4.E0O C-C4ALZI(I*Ll*ALZIIJ*.MI*RY0
IF(ILM'4*GT*01 C=CALZI(1.LI*ALZE(JMI*RVEILMMI

260 CfJNTINUE
IF(J.EO*I) GO TO 280
JMI zJ-i

DO 270 LSI.JMI
270 C=C-ALXIILl*0XfL)*ALXI(J9L)



280 ALXI(I .J)=C/DX( J)
290 CONTINUE

C=RXO

JF(I.GT*NP) GO TO 320

DO 310 M=Iol
CI=ALZI( I 4)

C2=ZEf4O
DU) 300 L1Il
ILMI IA8St M-L I
IF(ILMt4.EO.0)' C2=C24ALZI(E.L)*RYO
IF(ILMMN.GT.0) C2=C2.ALZI(IoL)*RV(ILMMI

300 CUNTINUE

310 C=C.C[*C2
320 DO 330 L=1.1t41
330 C=C-DX(LI*ALKLC(Io.L*ALXI(I9LI

IF(C*LT*EPS) GO TO 999
340 DX(11=C

c

C FIND MTWO. ALX2, AND THE REST OF DX (IN THIS SECTION.
C I AND J=I--NO.....I-I REPRESENT THE INDICES OF THE NONZERO*
C. NONONE FLE4EN1'S OF THE MATRIX LSUBX. NOTE THATI F INTEGERS
C M*L~eNoLEoNP4N0* THEN LSUBX(N*M) IS STORED IN LSUBX(NoM)
C WHILE IF N*GT*NP4NO. THEN LSUBX(N*M) IS IN ALX2(N-NP-NO.
C NO-(N-M)+I)o M=N-NQ*...N-11

C
I FA UL T=12

IUP=MINO( 1R0WS2-NP-NO.NT24NH2-NP-NO)

DO 400 II=I.IIJP

t=NPPNQ+I I

IMNQ=I-NO
ALX2(II.11=RX(NO)/DXIIMNQ)

IF(NQ.EQ.i3 GO TO 370

DO 360 JJ=2.NQ

J=IMNO4JJ-1

NOI=NU-JJ4I
JI ZJ-NPPNa

CQpx(NoI I
JJM I=JJ- I

DO 350 LLZI#JJMI
L= IMNO4LL-1

J2=NQ-(J-L 341
1Ff J*LE.NPPNO) CI=ALX1( J*Ll
EF(J*GT*NPPNO) C 1=ALX2(JI .J2)

350 C=C-ALX2(II.LLI*DX(L)*Cl
360 ALX2(it.JJ)=C/DX(J)

370 C=RXO

DO 380 L=19NO
LL=I-NO4L-1

380 C-=C-ALX2(geILI*ALXZ(IE.L)*DXILL)

DXI I)=C
#F(DX(I.LTsEPS) GO60 0999

C
DO 390 JJvIoNQ

NOMJPI-NO-JJ4i
390 IF(AfIS(ALX2(II.JJ)-8ETA(NOMJPI))eGT.DELI 60 TO 400

IFfARS(DE(II-SIGSO)oGT.DEL) GO TO 400
MTWO [I NPPNO

GO TO 420

400 CONTINUE
IF4 lUPsLTeNT2#NH2-NPPNO) GO TO 410



MTWO=Nr2*NH2

GO TO 420

410 CON TI NUE
IFAULT= 13

MTWOCIIOWS2-NPPNO

GO TO 9999

420 CONTINUE

c FIND X(1)*....X(Nr2I*ECI)ee..EINr2J

NPP I NP 41

XlI )=Yt I
IF(NP.EQ.IJ GO TO 450

0n 440 J=2*NP
C=Y( ii

JM1=J-1

DO 430 L=1.JMI
JMI =J-L

430 C=C4ALZI( J9JML) *Y( JM.
440 XlJ)=C

450 00 470 J=NPPI.NT2

C=Y( JI
DO 460 L=19NP

JML=J-L
460 C=C4ALPHA(L)*Y(JML)
410 x(J)=C

El I J.X( i)

00 490 J=29NPPNO
C= X IJ)
.iNI J-1

DO 480 LZI.JMI

480 C-C-ALXI(J*L)*El(LI

490 F(J)=C
M4-OW=NPPNQ4 i
MUP=MI NOI NT2 * NTWOI

0O 510 JM0LOWeMUP
JJ=J-NPPNO

C= I CJ I
0O 500 L=1.NQ

L L=J -NO L -1

S00 C=C-ALX24JJ*L)*ElLL)

510 E(J)=C
IF(MUPeEO.Nr2) GO TO 540

MUPP I =UP4 I

no 530 J-NUPPl.NT2

C=XI .

00 520 L=I#NQ
JML=J-L

520 C=C-9ETA(LI*E(Jf4LI

530 E(JJ=C

540 CONTINUE
C
C FIND VPD:
C

NPDPT =NH2-NHI 41
n0 630 Nr=Nra.NT2
NSUFAR=lNi-Nf1ie*NPOPT

NTNNP=NT-NP

DCI 550 1II1.0NP
I I =NtP4NP* I



550 YWK(!)=YtIlb

DO 610 NH=I*NH2
NPPNH-=NPNH

NTPNH=Nr 4NH

I ROWLK(=NTPNH-NPPNO

XTPM=ZERO
IF(NH.GT.NO) GO TO 590

IF(NTPNH.Gr.MTWO) GO TO 570
00 560 K=NH*NO

I NDL=NQ-K+ I
INDE=NTPNH-K

560 XTPH=XTPH*-ALX2(IROVwLX.INDL)*E(INDE)

GO TO 590

570 00 580 K=NH.NQ
I NDE=NTPNH-K

580 xrptH=xrPH48ErA(K)*E(INDE)

590 C-XTPH

DO 600 J1I.NP
I N0Y=NPPNH-J

600 C=C-ALPHA(J)*YWK( KNOT

610 YWK(NPPNH)=C

DO 620 IzNHI*NH2
NI 0=NP4 I

NI 11-NHI*1

NI2=NSOFAR4Ni 1

620 YPO(N12) =YWK(NIO)

630 CONTINUE

C

C IF IOPToEO.I. FIND PVAR

C F(EOPT*EO*0) GO TO 690

MI ?NP=MONE-NP
DO 680 NT=NTI.NT2
NSOFAR-(NT-NTI )*NPOPT

00 680 NH=NHI*NH2
NINDX=NSOFAR4NH-NHI 41

NTPNH=NT 4NH

C=ZERO
DO 670 KPI=19NH

K=I(PI- I

KRGW=NTPNtH-K

C I=SIGS0
IF(KROW*LT.MI'WOI CI=OX(KROW)

C2=ONE

IFIK.EQ*O) GO TO 670
NPPK= NP 4K

C2=ALZ(NPPK. NP)
00 660 IR=t.K
1RK-IR

C 1=ZFPO

IF(KMR*GT*t4IMNPI GO ToJ 640

I NDL=NPGKMR

C3=ALZ( INOL*NP)

640 C4=ZEP()
IF(IR.GT.NO) GO TO 660

NIO0N1 PNH-KMP
IF(NIO*GT*MTWOI GO TO0650

NI S=NI 0-NPPNO

C4=ALX2(NI I*N121

GO TO 660



650 C4=f3ETA(IR)

660 c?=C?#r3*cA

670 C=C*CIOC2*C2
680O PVAR(NINUX)=C

690 CON T INUE
C,

ar AUL r=O
999 14ETURN

FND

SUBROUTINE MAPO(NOAETAoSIGSo.Y.IOPTNrI .NT2.NHI.NH2.

I NYPD*NPVAR I ROWS, DEL eRX*RXOvOX#ALX*MTWIJ.EtYPDeP VAR 91FAULT)

c THIS SUBROUTINE CALCULATES PREDICTORS VPD AND
C (OPTIONALLY) PREDICTION VARIANCES PVAR FOR HORIZINS

C NH19..*NH2 EACH FOR MEMORIES Nrlo....Nr2*

C

DIMENSION 9ETA(NQ).Y(NT2).RX(NOI.DX( IROWSD.ALX(IROWS.NO).

IF( NT2)o*YPD( NYPD I.P VAR (NP VAR I

DATA ZERO.ONE*EPS/0o0. 1.0.1 E- 10/

IFAUL T 1

IF(NQ.Lt.I.OReIOPT.LT.0OGR.IOPT.6T.1) GO TO 199

!p(NTI.Lr.NQ1.*OR*NTI.GT*NT2) GO rO 199

IF AUL T=3
IF(NHI*Lt..oGR*NHIoGT.NH2) GO TO 199

IFAULT=4
NCK=(NT2-NTIVIl)*INH2-NHIII

IF(NVPO.Lr.NCK) GO TO 199

IF(NPVAR*LTe11 GO TO 199
IF(NPVAR*Lr.NCK*AND*IOPT*EQ*I) GO TO 199

IFAULT=S
IFf IRUWS*LT*21 GO TO 199

IF AULT=6

IF(SIGSQ.LE.ZERO) GO TO 199

IF AUL T =

C
C FIND MTWO AND ROWS OF ALXo DX

C

CALL MACV(NUeBETAgSIGSO.RX*RXO*IFII

Dx(lI)=RXO

00O 10 I=I.NQ

10 ALXII.1IIONE
Ef II=Y( Il

IUP=MINO( IROWS*NT24NH2)
00 100 1=2*IUP

II=MAXOE I-No-l.Ob* I

NEL TS= 1,1- 11

Do 30 J=l1.IM1
JIN02J-I11

IMJ=I-J
.JM IZJ-

C=RX(IMJi)

IFtJ*Er).Iit GO TO 30

J I =4MAXOC J-NQ- I . 0)+1I
DO) 20 L=II.JNI
LL=L- 119
JJ=L-J 34



20 C=C-ALX119LL3*flX(L)*ALX(J*JJ)

30 ALi(I.JINDI=C/DX(J)
C=RX0

00 40 J=(I1.M1

JIND=J-1 1+1

40 C=C-OX( J *ALX( oI JNOJ*ALX(1I JI NO?

IF(C*LE.EPSJ Go TO 199

DX( I )=c
IF( I.Gr.NT2) Go TO 60

C=Y (I)

DO 5O J=I.NELTS

I I=1-NFLTS4J-l

50 C=C-ALX((1,JI*EtIl)

IF(1.LE#NO) Go TO 100

60 00 70 J=1.NQ
JJ=NO-J+ I

70 IF(A8S!(ALX(1.J)-B3ETA(Jjj).GE.OELI GO To 100

IF(ABS(OX(EI-SIGSO).GF.DEL) GO TO 100

Mr WI)

IF(I*GE.NT2) Go TO 110

D0 g0 J=IP1,NT2

C=Y( J)
0O 80 K=I*NQ

JMK=J-K

s0 C=C-BETAIK)*EIJMK)

90 EIJ3=C
GO TO 120

100 CONT INUE
IF AULr= 8
[(UUP.Lr.Nr2,NHZI GO TO 199

110 MTWO=NT2+NH2

220 5FAULT=O

C

C CALCULATE PREDICTORS

NPDPT=NH2-NHI 41
00 140 Nr=Nr1,Nf2

NSOFAR=LNT-Nr1 )*NPOPT

00 140 NH=NH1.NH2

NIND=NSOFARNI-NH1 41

YPD( NINO )=ZERO
IF(NH.Gf.Nai Go To 140

NTPNI-NT *NN

DO10KNH9NO

I NOE =NTP NH- K

I NL =NO-K + I
C I =FJET A( K)I

£F(NrPN,4.LE.MTWOO CI=ALX(NTPNH, ENOLI

130 C=CC1*E(INU)

140 YPD(NIND)=C

C IF IUPfl.q CALCULATE VARIANCES

C
IFlIOPTeE0.05 GO TO 199
()( 190 Nt=NTINT2

NSOFAR=(NT-NtI )*NPDPr

0O 180 NH=NN19NH2
NHMM N4- I



N I NDNSOFAR+Nfl-NHI +I
NYPNH=NT#NH

1Ff NT.LT.MTWII C-OX( NTPNHI
IF (NH.EU.1 I) GO TO 180

NHUP-141N0(NHMI sNQR

IF(NT.GE.MTWO) GO TO 160

DO 150 K=t.NHUP

I NfODzNTPNH-K
I N)LNO-K4 1

150 C=CDX4INOO)*ALX(NTPNH.INDL)*ALX(NTPNH91NOL)
GO TO 180

160 DO 170 K=1.NHUP

170 C=CeS IGSO*BETA(K )OBErA(K)

180 PVARfNINDI=C

C
199 PFTURN

FNf)

SuI3ROUTINE ARPD(NP.ALPHA.SIGSOV. IOPr.NTI.NT2.NHI.NH29

INY PD. NPPNHZ *YVWK *GA M.YPD *PVAR I FAULT)

C

C THIq SU8ROUTINE CALCULATES PREDICTORS YPO AND (OPTIONALLY)

C PREDICTION VARIANCES PVAR FOR HORIZONS NHI.....NH2 EACH

C FOP MEMOPIES NTv..@NT2

C DIMENSION Y(NT2).ALPH-A(NPI.YWK(NPPNH2I.GAM(NPPNH2J.

IYPOC NY PD) .PVAR(NH?l

DATA ZERO.ONE/0.0*I.0/

IFAULT1l

It (NP*Lr I ) GO TO 100
IFAIULT =2
IF(NTI.LE.NP,3R.NTI.Gr.Nr21 GO TO 100

IF AULT =3
IF(NHI.LT.loOR.NH1.GtoNH2) GO TO 100

IF AUL T=4
IF(SIGSD.LE*ZERO) GO TO 100

IF AULT=9

IF(IOPTaLTa0*OR.IOPT*GTIl GO TO 100

IF AUL T=6
NCK=(NTP-NT141)*(NH2-NH1*ll

IF(NYPD.LT.NCK.OR.NPPNH2.LT.NPNH2I GO TO t00

IFAULT=O

C FIND PREDICTIONS:

NPOPTNHi2-NHl +eI

00 50 Nr=NTI.NT2
NSOFAR=(Nr-NTI )*NPDPr

NTMPNP=NT-NP

00 10 I=1.NP

I I=NT-NP. I

00 30 NH=I.NH2

NPPNti=NP 4NH
NTPNH=NT *NH

C=ZEROU
00 20 I-INP

30 YWK(NPPNH-C

20 C=C-ALPHA(I)*YWK(II

30. - (NPNI=



00 40 NH=NHINH2
INDNH=NSOFAP+NH-NHI ~1
1 NDWK=NP 4NH

40 YPO(INDNH)IYWK(INDWKJ
50 CONTINUE

C
C IF IOPTI.o FIND VARIANCES
c

IFIIOPTeE~o0) GO TO 100
GA'4(I)=-ALPHA(13
IF(NH?.E~o.1 GO TO 80
0O 70 NH=2*NH?
LLOW=N4AXO( 0 NI4-NPD *1
C=lERO

00 60 LL=LLOW.NH
L=LL-1
C I ONE
IF(L.GT.O) CI=GAM4(Ll
NHM4L NH-L

60 C=C-ALPHA(NHMLJ*Cl
70 GAM(NH)=C
80 PVAR(ISIGSO

IF(NH2.EQll GO 30 100
00 90 1=2.NHZ

90 PVARtI).=PVAR(IMI),SIGS0SGANIIM)*GA4(IMII
100 RETURN

END
SUBROUTINE MAtV(NQ.BETA. SIGSORY.RVO.IFAULYI

C THIS SUBROUTINE CALCULATES MA4NO) AUTOCOVARIANCES OF LAGS

DIM4ENSION BErAqNOI.RYINO)
DATA ONE/Io0/

C
IF AUL T I
IF(NO.L31I) GO TO 40
IF AUL r= 0

C
C=0 NE
00 10 I=1.NQ

10 C=CRETA(IIIBErA(I)
RYO=C*SIGSO

00 30 IV=19N0
C=HETA( IVI
IF(IV*E~oNQI GO 10 30
NON I VNO-I V

00 ?0 J-1.NomIv
JPIV=J. (V

20 C=C#HETAIJI*BETA(JPIV)
30 RVIIV)=C*SIGSO
40 RETURN

END
SUBROUTINE MXCVENP.N0.M.IROVS.ALPHA.BETA.SIGS0.RYE.RYE0.

I WKM*,IP*RY.RVO. IFAULT)
C
c r~xs 515R'JrINE CALCULATES AQMA(NPoN2I AUTOCOVARIANCES FOR
C LAGS 0....,14 £P4GEeMAX(NPoNQl* IP*NO.Gr.OI
c



DIMENSION ALPHA(NP).BETA(NQ).RYE(NQI.WKMIIROUSgIROWS)e

IIlpfI IROWS).*R YlM)

D ATA ONFPZERO/l.0.0.0/

1F AUL V1

IF(N0.Lr.i.QRNP.LT*Il GO TO 110

IF AUL r= 2

MAXPO=MAX0( NP*NO)

MM=MAXPQ*1
IF(MoLE.A4AXPO) GO TO 110
JFAULr=3

IF(ZROWSeLf.MM) GO TO 110

I FAULT =4

C FIND SRYE0RYE1I.....*RVEEN0):

C
RYE SI GSO

00 30 IV-I.NO
C=S IGSQ*BETA( lV)
NUP=MINOI IV NP)

DO 20 .J=I.NUP
I VMJ=IV-J

tF(IvHJ.EO.0) GO TO 10

C=C-ALPHA(Ji*RYE( IVMJ)
GO TO 20

10 C=C-ALPHA(J1*RYE0
20 CONTINUE
30 PYE(IVI=C

C
C USE DECOMP. SOLV TO OBTAIN RYORV(I.....RIMAX(NPeNO)l
C

0)0 40 1V=1.MM

RvI IV)=ZE+40

00 40 J=1FM
40 WKMIIVeJ3=ZERO

C
NPP1= NP 4 1

NUP IN0G I
00 60 IVPI=1.NQP1
1V=I VP 1-I

IF(IV.Gl.0) C=COBETA(IVI
IFI IV.EQ.NO1 GO TO 60

00 90 K=IVPI*NO
KMI V=K-I V

50 C=CGIlETA(Kl*RYEfKM1 Vl

60 PV(IVPI1=C
C

Do 70 [VPI=1.MM
IV2 IVPI-1
WKMt IVPI.*IVPI )=WKM( IVPI. IVPA J4ONE

DO 70 J=1.NP
I1=IABS( IV-J)41

T0 WKM(IVPI.11 J=WKM(IVPI.1i*ALPHA(J)
C

CALL DECUP4P(MMqIROWS.WI(M.IPl
IF(IP(MM4I.EQ01 GO TO 110
JFAULTemO
CALL SOLVIMM*IPWSWKM*4RY*IPI
RY0=Rv( i
on 80 IV210MAXPO



IVPI=tv~1
80 RYCIV)=RYIIVPI)

C
C USE DIFFERENCE EQUATION T0 GET THE REST OF THE RY:
C

IF(M*EQOt4AXPQ1 GO TO 110
00 100 IV=MMOM
C=ZERO

DO 90 Jml*NP
IVMJ=[V-J

90 C=C-ALPHA(J)*RY(IvMJI
100 RY(IV)=C

C
* 110 RETURN

END



FIIE

DI


